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Collaborative MedicineCollaborative Medicine
The need for collaborative 

visualization in medicine comes 
from a variety of problems 
within healthcare

Collaborative visualization is 
much more than telemedical
applications! 

Really about interactive sharing 
of information and images 
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Immersive EnvironmentsImmersive Environments
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Immersive EnvironmentImmersive Environment
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Time-critical: NeurosurgeryTime-critical: Neurosurgery

Harvard & Brigham Women’s Hospital
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Device Design: DefibrillationDevice Design: Defibrillation
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“Traditional” Motivation“Traditional” Motivation
Expert opinion can be made 

available at more times and 
places

Medical professionals (and 
others) who live in rural areas 
are less isolated

Workloads can be more 
effectively balanced (thus lower 
cost)
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Additional MotivationAdditional Motivation

Accessibility to more (and 
hopefully better) information

Leverage additional expertise 
(often outside your area)

Better healthcare
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Issues (short list)Issues (short list)
Level of Security
Bandwidth
Latency
Reliability
Accessibility
Supported Protocols

Sociology
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Interactive Large-Scale VisualizationInteractive Large-Scale Visualization
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Image ResolutionImage Resolution

64x64x64
= 512K

128x128x128
= 4M

256x256x256
= 32M

512x512x512
= 260M
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High Resolution RenderingHigh Resolution Rendering
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Isosurface ExtractionIsosurface Extraction
Marching Cubes
Octree
Extrema Graphs
Sweeping 
Simplices
The Span Space

Livnat, Shen, Johnson 

Maximum

Minimum

min =
 m

ax

• NOISE: O(√ n+k)
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Isosurface ExtractionIsosurface Extraction

Still not good enough.
So, how can we do 
better than optimal?
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The Visualization PipelineThe Visualization Pipeline

Search Renderconstruct

Isovalue

OnlineOffline

Reduce the amount of data
• Reduce during the search...

Pre-
process

View point

O(k) O(k)O(V(k)) O(V(k))
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Scalar Field VisualizationScalar Field Visualization
Isosurface generation

• Marching Cubes - data size
• NOISE - isosurface size
• View dependent - visible portion 

Visibility test
software

Rendering
hardware
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A View-dependent ApproachA View-dependent Approach
Attractive for:

• Large datasets
• High depth 

complexity
• Sub-pixel 

polygons
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Visible WomanVisible Woman

Full             View
Isosurface     depend

Polys 2,246,000     246,000 
Create 177 sec       72 sec
Render 2.32 sec    0.25 sec
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Real-Time Ray TracerReal-Time Ray Tracer
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Real-Time Ray Tracer (RTRT)Real-Time Ray Tracer (RTRT)

Implemented on SGI Origin 2000 
ccNUMA architecture - up to 
128 processors (now working 
on a distrbuted version)

Approximately linear speedup
Load balancing and memory 

coherence are key to 
performance
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Quantitative VisualizationQuantitative Visualization

Nodes & Mesh
Isocontours
Gouraud 
Shading
Landmarks

Scaling

Time signals

Spatiotemporal
Visualization 
(map3d)
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Integration and InteractionIntegration and Interaction

Modeling

Simulation

Visualization

user
guides

What If?
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BioPSE – A Computational WorkbenchBioPSE – A Computational Workbench

Common Framework for Bioelectric 
Field Research 
- Exchanging tools and datasets
- Presenting results
- Comparing methods
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Integrated PSEsIntegrated PSEs
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PSE RelationshipsPSE Relationships
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Common ArchitectureCommon Architecture

• Leverage existing utilities
• Extensibility through bridges

BioPSE

Matlab

mpeg

libimage

Teem

GENESIS

liblib

liblibsocketsocket

liblib

SQLSQL
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FraunhoferFraunhofer
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Stuttgart - CoVISEStuttgart - CoVISE
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UT Austin - ShastraUT Austin - Shastra
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UT Austin - ShastraUT Austin - Shastra
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SPL - BWHSPL - BWH
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Surgical Planning Lab - BWHSurgical Planning Lab - BWH
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Image Overlay - CMUImage Overlay - CMU
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The NASA Ames Center for BioinformaticsThe NASA Ames Center for Bioinformatics
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Immersive Workbench
Direct Manipulation Widgets/Haptics
Immersive Workbench
Direct Manipulation Widgets/Haptics
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Adaptive PipelineAdaptive Pipeline

Computational Medicine Pipeline
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Collaborative Medicine NeedsCollaborative Medicine Needs

Software:
• GUI
• Middleware (Gridware)
• Workflow models
• PSEs (Computational 
Workbenches)

• Storage resource brokering
• Visualization
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Distributed Video Games for 
13 Year Old Boys
Distributed Video Games for 
13 Year Old Boys
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Scientific Computing and ImagingScientific Computing and Imaging
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Software AvailabilitySoftware Availability

www.sci.utah.eduwww.sci.utah.edu
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More InformationMore Information

www.sci.utah.edu

crj@cs.utah.edu


